Abstract Aim: To examine the validity of US in assessing hand osteoarthritis (OA) and to study the relationship between ultrasonographic findings and OA symptoms. Methods: This study was carried out on thirty patients with primary hand OA, and fifteen healthy subjects serving as a control group. Patients were classified according to ultrasonographic findings of joint involvement into two subgroups: 15 patients with interphalangeal (IP) OA and 15 patients with IP and first carpometacarpal (CMC) joint OA. All hand joints were examined for tenderness, soft tissue swelling, hard tissue enlargement (nodes), and deformity. Functional assessment by AUSCAN questionnaire, grip and pinch strength measurement and pain assessment by Visual Analogue Scale (VAS) were carried out. Plain X-rays of both hands were taken and classified according to the Kellgren-Lawrence (K-L) grading scale. High resolution US of the hand joints was performed which focused on examining cartilage thinning, joint space narrowing (JSN), and osteophytes (OST). Results: There was a positive correlation between the K-L grading and US findings regarding JSN and OST. There was a positive correlation of AUSCAN score with cartilage thinning, OST and JSN. There was a negative correlation of grip strength with cartilage thinning and OST. There was a negative correlation between pinch strength and US findings (cartilage thinning, OST and JSN). There was a positive correlation between pain and US findings. Heberden's nodes were associated with underlying distal IP cartilage thinning, OST and JSN. On comparing the two subgroups of patients; patients with both IP and first CMC joint involvement experienced significantly higher levels of pain and disability and had weaker pinch strength. Conclusions: Ultrasonographic findings correlated with clinical findings as nodes, functional parameters as grip and pinch strength, and pain. The increased detection of OA structural pathology by US may make this a useful tool for hand OA assessment.
Introduction
Osteoarthritis (OA) is the most common form of arthritis among the elderly. Joints most affected by this disease are knees, hips and hands. 1, 2 Hand OA is a highly prevalent condition. It occurs commonly, though not exclusively, in the context of generalized OA, and can result in considerable disability. Although a number of criteria have been used to define hand OA clinically, radiographically or epidemiologically, its diagnosis and classification present certain difficulties due to a number of issues. 3 Challenges in diagnosing and classifying hand OA include different diagnostic possibilities (as rheumatoid arthritis, diabetic hand syndrome, gout and psoriatic arthritis), the large number of joints that may be affected, the nature of Heberden's nodes (HN) and Bouchard's nodes and their relationship to underlying OA of the interphalangeal (IP) joints. 3 Other challenges include poor correlation between symptoms and structural changes of OA in the same joint, differences between OA of the IP joint and base of the thumb regarding risk factors and prognosis, and lack of consensus regarding the nature and specificity of erosive OA as a discrete subset of hand OA. 3 EULAR Standing Committee for International Clinical Studies Including Therapeutics (ESCISIT) task force set out to develop recommendations for the diagnosis of hand OA, using an evidence based format involving both a systematic review of available research evidence and expert consensus opinion. 4 Previous epidemiological studies have largely targeted radiographic OA, and most of them have concentrated on knee and hip joints. While symptomatic hand OA should be a focus of studies because it causes disability and has formidable societal and public health impact, few studies have been conducted especially among the elderly. 3 Osteoarthritis has traditionally been imaged with conventional radiographs (CR). However, in recent years, novel imaging techniques such as musculoskeletal ultrasonography (US) has been utilized to obtain a better understanding of this disease. Although the application of US to inflammatory diseases has been common and widespread, it has been applied to OA less frequently.
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Methods
This study was carried out on thirty patients with hand OA, and fifteen healthy age and sex-matched subjects serving as a control group. Patients were classified according to ultrasonographic findings of joint involvement into two subgroups: 15 patients with IP joint OA and 15 patients with IP and first carpometacarpal (CMC) joint OA. Personal data was obtained from patients and controls, which included age, sex, occupation and menstrual history in females, as well as detailed history about their hand condition including morning stiffness, joints involved, relieving and aggravating factors and medications received.
All studied subjects underwent general examination as well as local examination of the hand joints; distal interphalangeal (DIP), proximal interphalangeal (PIP), metacarpophalangeal (MCP), first t CMC and the wrist joints of both hands. All areas were examined for tenderness, soft tissue swelling, nodes and deformities. Each finding was graded on a scale of 0-3, where 0 = normal, 1 = mild, 2 = moderate and 3 = severe. Pain severity was assessed by the Visual analogue scale (VAS). 8 They underwent functional assessment using the Australian Canadian Osteoarthritis hand index (AUSCAN) questionnaire, 9 which rated their pain, stiffness and limitation of functional activities on a scale of 0 (no problems at all) to 4 (extremely difficult). Grip strength was measured for each hand with a standard dynamometer (using the mean of three attempts). Pinch strength was measured with a pinchmeter for each hand; the mean value of the three trials was recorded. Laboratory investigations, which included erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), rheumatoid factor titer, and uric acid were measured as recommended by EULAR to exclude secondary causes of hand OA. 4 Postero-anterior hand radiographs were taken and OA severity was classified according to the Kellgren-Lawrence (K-L) grading scale. 10 High resolution US, using Siemens Prima apparatus, utilizing high resolution multi-frequency probe (7.5-10 MHz) was used to assess each joint for: cartilage thinning, osteophytes (OST) and joint space narrowing (JSN), and was subjectively graded from 0 to 3 (none, mild, moderate and severe) by the same ultrasonographer.
Statistics
Data was analyzed using the Statistical Package for Social Sciences (SPSS ver.17 Chicago, IL, USA). The data was score type and non-parametric tests were applied. Mann Whitney (U) test was used to compare quantitative variables between the two groups. Chi square test was also performed. Spearman rank correlation test was used to test correlations. In all statistical tests used, the level of significance (P) was set at 0.05, below which the results were considered to be statistically significant.
Results
Thirty patients diagnosed with primary hand OA; 22 females (73.3%) and 8 males (26.6%) were enrolled in this study. Their median age was 60 years (range: 50-84). The control group consisted of 15 healthy individuals; 10 females (66.6%) and 5 males (33.3%). Their median age was 55 years (range: 42-65). There was no statistically significant difference between the patients and controls regarding age (P = 0.062). All female patients were post-menopausal and all the patients were right-handed. Positive family history of hand OA was present in 18 patients (60%). Regarding their occupations, there were 21 housewives (70%), 1 physician (3.33%), 3 office workers (10%), 3 nurses (10%) and 2 tailors (6.66%).
Heberden's nodes were detected in the right hand in 24 patients (80%), and in the left hand in 4 patients (13.3%). Bouchard's nodes were found in the right hand of 2 patients (6.7%). Tenderness was detected in the right DIP in 3 patients (10.0%), in the left DIP in 1 patient (3.3%), in the right PIP in 1 patient (3.3%), in the right CMC in 4 patients (13.3%) and in the left CMC in 1 patient (3.3%). Deformities were detected in the right DIP in 13 patients (43.3%), in the left DIP in 2 patients (6.7%), in the right PIP in 3 patients (10%) and in the right CMC in 1 patient (3.3%). No soft tissue swelling was detected in any joint. Table 1 shows the distribution of the ultrasonographic findings in the different hand joints in the patients. On US, 4 patients had grade 1 cartilage thinning, while 20 had grade 2, and 3 patients had grade 3. Regarding OST, 2 patients had grade 1, 16 had grade 2, and 10 had grade 3 ( Fig. 1) . As for JSN, 10 patients had grade 1, 6 had grade 2, and 3 had grade 3. The controls had no evidence of OA on plain X-ray, however, on US, 4 of them had evidence of grade 1 cartilage thinning. The most severely affected joint in each hand, detected by US, was used for scoring. There was a statistically significant difference between US findings in the right and left hands of patients, being severer in the right hand (P < 0.01).
On correlating the various parameters, there was a positive correlation between K-L grading and US findings of JSN (P = 0.001) and OST (P = 0.002). There was a negative correlation between grip strength and cartilage thinning (r = À0.579, P = 0.001) and between grip strength and OST (r = À0.490, P = 0.001). No significant correlation between grip strength and JSN was detected (r = À0.276, P = 0.069). There was a negative correlation between pinch strength and all US findings (cartilage thinning, JSN and OST; P = 0.001 in each). There was a positive correlation between all US findings and VAS (P < 0.001 in each). There was a positive correlation of the AUSCAN total score with the US findings: Cartilage thinning (P = 0.008), JSN (P = 0.001) and OST (P = 0.01). There was a positive correlation between functional impairment measured by AUSCAN function subscale and VAS (r = 0.754, P = 0.001). However, there was no correlation between AUSCAN function and grip strength (r = À0.112, P = 0.632). There was an association between HN and US findings ( Table 2) . Patients with combined IP and CMC joint involvement had significantly higher VAS and AUSCAN scores and weaker pinch strength compared to those with only IP joint involvement (Table 3 ).
Discussion
In view of the previously published literature, OA is the leading cause of musculoskeletal morbidity in the elderly. 11 Knee, hip, IP and the first CMC joints are mostly involved. 12 Disability directly related to hand OA has largely been ignored, although several studies have shown a significant impact of OA on hand strength and function. 13, 14 The order of involvement of the hand joints in this study was comparable with other findings; DIP joints and first CMC joints were involved more often, followed by the PIP and MCP joints. Kellgren et al. 15 and Egger et al. 16 reported similarly that MCP joints had the lowest frequency, in contrast to Van Saase et al., 14 who reported a higher prevalence of OA in MCP than in PIP joints. Chaisson et al. 17 also reported this inconsistency.
In the current work, there was a statistically significant difference between the patients and controls regarding AUSCAN score, VAS and grip strength. Similar observations were reported by Bagis et al., 18 who studied the effect of hand OA on grip and pinch strength and hand function in postmenopausal women. They noted that patients with hand OA had lower grip and pinch strength than normal controls, and there were significant differences according to the grades of OA. Kjeken et al. 19 reported that hand OA had important functional consequences in terms of pain, reduced hand mobility and grip force, activity limitations, and participation restrictions.
In the current study, right hand joints were more severely affected compared to the left hand as regards cartilage thinning (P = 0.005), OST (P = 0.005) and JSN (P = 0.007). This is in agreement with Acheson et al., who suggested that almost every joint in the right hand of right-handed people of either sex had more frequent and severer disease than their left hand. 20 Osteoarthritis has been traditionally imaged using CR; this has been regarded as the reference technique in OA for a long time. 21 Recent years have witnessed an increasing interest of research in this field confirming a more widespread use of US for imaging different aspects of rheumatic pathology, including OA. 22, 23 Regarding the correlation between the K-L scale and US findings, there was a positive correlation between K-L scale and both JSN (P = 0.001) and OST (P = 0.002), whereas there was no correlation with cartilage thinning. A similar study was conducted by Keen et al. 24 who compared the detection of OST and JSN by US and CR in hand OA. They reported that CR had very low sensitivity in demonstrating minimal cartilage involvement in early disease. 24 Mo¨ller et al. 25 evaluated the reliability and validity of a novel US imaging method to measure MCP and PIP finger joint cartilage. They found the US method of direct visualization and quantification of cartilage in MCP and PIP joints objective, reliable, valid, and useful for diagnostic purposes in patients with arthritis. 25 Regarding the correlation between clinical signs and US findings, HNs were found to be associated with OSTs, cartilage thinning and JSN. All patients with HN had cartilage thinning, 95.8% of those patients had OST and 70.8% had JSN. These findings are in accordance with a study conducted by Thaper et al. 26 ; they showed that digital nodes are associated with underlying radiographic changes of IP joint OA, but this association was stronger for OST. They proposed that because nodes evolve slowly to reach their maximum size, the radiographic JSN manifests later in the course of node development and that established nodes affecting both medial and lateral aspects of the joint are a good clinical marker for this change. 26 In this study, no associations were found between Bouchard's nodes and any of the US findings. The stronger relationship between HN and radiographic changes seen at DIP joints might be explained anatomically. The presence of lateral bands over PIP joints may influence OST growth making it less distinct than at DIP joints. 26 However, Cicuttini et al. 27 noted that DIP OST and HN were weakly correlated. This different conclusion may be accounted for in part by the population studied. They studied middle-aged female twins with a mean age of 56 years, whereas we studied both women and men with a median age of 60 years. Such a demographic difference might result in our population having more patients with fully established nodes. This can be explained by the fact that nodes are formed by endochondral ossification, thereby a temporal difference might be expected, in that new (radiolucent) fibrocartilage might form a palpable swelling some time before calcification and ossification make it apparent on radiographs. 27 It may also be due to lack of a clear definition of HN in the literature.
As regards the correlation between functional parameters and underlying US findings, a negative correlation between grip strength and both cartilage thinning (r = À0.579, P = 0.001) and OST findings (r = À0.49, P = 0.001) was detected on US. Baron et al. 28 did not find correlations between objective hand function and OA, or between hand strength and OA. They suggested that the deterioration of the objective hand function and strength was related to the neuromuscular condition rather than articular degeneration.
In the current study, AUSCAN total score was positively correlated with US findings of cartilage thinning (P = 0.008), JSN (P = 0.001) and OST (P = 0.01). This was in disagreement with Patrick et al. 29 who suggested that hand function was not consistent with the extent of radiologic change. However, their study as well as other previous studies used CR as an assessment tool; none of them used US for evaluation. In this study, AUS-CAN function score was positively correlated with pain assessed by VAS (P = 0.001). Ö zkan et al. 30 and Jones et al. 31 also reported this association between hand function and pain. Bagis et al. 18 and Jones et al. 31 implied that tenderness and pain had a negative effect on hand function.
There was no correlation between AUSCAN function score and grip strength. The hand OA patients had difficulty in carrying a bundle and handling small objects. Similarly, Zhang et al. 32 investigated the effects of symptomatic hand OA on the self-reported functional limitation and implied that symptomatic hand OA affects writing, carrying, and handling or fingering small objects. They suggested that hand OA affects the activities that require precise pinch grip more than power grasp. 32 The impact of functional limitations in the IP joints can differ from that in CMC joints, consequently, in the current work, US findings were used as a point of differentiation between the two subgroups of patients; those with only IP joint involvement and those with IP and first CMC joint affection. First CMC joint alone was not considered as a single entity because none of our patients had only CMC joint arthritis. Both patient subgroups were compared as regards VAS, AUSCAN, grip and pinch strength. Patients with symptoms at both sites experienced significantly higher levels of pain (P = 0.035) and functional impairment assessed by AUSCAN (P = 0.006). Although no cutoff values are available for AUSCAN, differences on the function subscale between those with and without CMC involvement seemed clinically relevant. Based on that, it seems that CMC joint OA adds more to pain and disability in symptomatic hand OA than IP joint OA alone. Bijsterbosch et al. 33 reported the same conclusion.
There was no significant difference in grip strength measurements between the two patient subgroups, whereas there was a significant decrease in pinch strength in those with both IP and CMC joint affection. Jones et al., 31 who assessed patients by grip strength, did not support the hypothesis that first CMC OA is of greater clinical significance than DIP OA. They proposed that it is possible if they had included pinch strength in their evaluation this may have modified their conclusion.
Marshall et al. 34 investigated the relationship of OA at different hand joints and found that pain and functional limitations were highest in participants with both thumb and finger OA. This is in agreement with Dahaghin et al., 35 who examined the relation between hand pain and OA of the different hand joints and showed that OA of the base of the thumb had the strongest association with hand pain. This supports the hypothesis that OA of the first CMC joint has a greater impact on pain than the other hand joints, due to the prominent role of the thumb in hand function. 35 
Conclusion
Ultrasonographic findings correlated well with clinical findings as nodes, functional parameters as grip and pinch strength, and pain. The increased detection of OA structural pathology by US may make this a useful tool for hand OA assessment.
